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1 
My invention relates to the art of producing 
colored pictures by television and is also of espe- 
cial importance to the production of colored pic- 
tures by other means, such as motion pictures, 
wire photo, etc. 5 
It is an object of the invention to provide a 
simple and effective means and method whereby 
a colored picture of a colored object may be pro- 
duced remotely of the object, either as to space 
or rime, or both, wherein motion will occur in l0 
the image corresponding to motion occurring in 
the object. Herein the terre "object" is used 
broadly so as to include natural scenes, stage sels 
and action thereon, inanimate things, etc., of 
which if is desired to produce a picture in color. 15 
An important object of the invention is to pro- 
vide a means which may be used in television to 
assemble a complement of color value images and 
project the saine onto a screen or mirror where 
they may be reproduced for viewing, within the 20 
limits of space provided in television receiving 
sers for home use, wherein the viewing screen is 
only a relatively few feet from the projector as 
compared to the distance of 75-200 feet between 
the screen and the projector now used for pro- 25 
jection of colored motion pictures from two or 
more complementary images. 
It is an object of the invention fo .provide a 
ccture -r-ojecto--hêêîH a._lurality èÇ 
and projected onto an dispëse 
r the l piebî  
being characterized by bility to produce on the 
screen which is of large area in comparison fo the 
short distance between the screen and the pro- 35 
jector, a composite colored image which is frce 
from defects resulting from parallax. 
A further object of the invention is to provide 
a method and apparatus whereby complemen- 
tary color value images are combined into a coin- 4O 
posite image in a light beam prior fo the impinge- 
ment of the light beam on the screen, and it is 
an object of the invention to combine all of these 
cçlvalueiages on a _s5_ icï axls---n- 
bndlr__h_k.rays, which bundle of ïïït rays 
is expandêd and- êhsed upon the screen as a 
single unit, thereby avoiding parallax and dis- 
tortion of the colored image which occurs when 
an attempt is ruade to focus on a screen from 5o 
separate optical axes the separate light beams 
carrying color value images which are simultane- 
ously impinged upon the screen in an attempt te 
produce a satisfactory composite colored image on 
a screen of such size with relation to ifs distance 55 
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2 
from the point of projection as fo require a wide 
angle of projection. 
It is an object of the invention to provide a 
method and apparatus for producing a colored 
pictuçe optically from an objective wherein the 
image of the objective is divided into complemen- 
tary color value images which are subsequently 
recombined so as to produce a colored composite 
image, the invention being characterized by the 
novel feature of taking the color value images 
from the object along a single optical axis, and 
subsequently recombining these images or fac- 
similes thereof along a single optical axis, thereby 
avoiding the faults arising from parallax and 
image distortion encounteled when separate color 
value images of an object are taken or picked up 
along separate axes, and reproductions of these 
color value images are combined on a scieen by 
projecting the separate color value images along 
different optical axes which converge from their 
respective points of inception to substantially a 
single point on the screen. 
If is an object of the invention to provide a 
method and apparatus for the optical production 
of colored pictures from complementary color 
value images, making possible the production of 
a large image on a screen through a short focus 
lens unit, thereby making it possible to dispose 
the projection apparatus and the screen relatively 
close together. 
A further object of the invention is to enable 
the production of results such as set forth in the 
preceding paragraph by combining the color value 
images within the lens unit of multiple lens ele- 
ment type, between the front and rear elements 
of the lens, this simple lens being also suitable 
for diiiding a composite color image into a plu- 
rality of complementary color value images and 
projecting such color value images onto a screen, 
which screen may be the image receiiing part of 
a television bioadcasting station oi of a wiie 
photo transmission system, or the image receiving 
element may be a sensitized photographic plate, 
film, or motion picture film. 
A further object of the invention is to provide 
as a separate article of manufacture, a multiple 
element lens having an optical refraction element 
at one end thereof and a plurality of optical re- 
fraction elements ai the other end thereof, each 
of which is complementary to the front element 
in the formation of a lens of desired principal 
focal length, and having between the front and 
rear elements of the lens a light directing means 
of simple form for bringing the optical axes of 
refraction elements at one end of the lens into 
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coincidence with the optical axis of the refracion 
element al the opposite end of the lens. 
Il is an object of the invention to provide a 
dividing combinfng lens wherein a plurality of 
light paths which pass through separate full sized 
spherical lens elements al one end of the lens are 
combined so that their axes coincide and pass 
through a single spherical lens element al 
oppesite end of the lens. 
Further objects and advantages of the inven- 
tion will be brought out in the following part 
of the speciflcation. 
Referring to the drawings which are for illus- 
trative purposes on]y: 
Fig. 1 is a perspective schematic view of a 
preferred embodiment of my invention. 
Fig. 2 is a sectional view of the separating- 
combining lens forming a part of the invention. 
Fig. 3 is a section taken .as indicated by the 
line 3--3 of Fig. 2. 
Fig. 4 is a plan view of a short focus dividing- 
combining lens. 
Fig. 5 is an elevational view of Fig. 4. 
Fig. 6 is a sectional view similar to Fig. 
showing an adjustable form of my new lens. 
Fig. 7 is a view of the rear end of tahe lens 
shown in Fig. ô. 
In the form of the invention shown in Fig. 1 
I have schematically indicatif :an obJect 
which comprises anything capable of being photo- 
graphed and reflecting colors of the spectrum. 
Llght from the object |0 is received by the ob- 
Jective lens ! as a single light image, and is 
separated by the objective lens into a number 
of color separations, or complementary color 
value images. In Fig. 1 lines 0' indicate the 
transmission, into the objective lens ! along 
the optical axis 3, of a single image from the 
object [0 represented by different graEations and 
colors of light, this original image being sepa- 
rated and proJected along separated axes 4, 
and 16, 'and being impinged on an image receiv- 
ing member 7 as color separation images 6, 
and 20. 
The image receiving member 7 is any part 
capable of receiving, preserving, or transferring 
the images 16, 9, and 20. The image receiving 
member 7 is in the present disclosure a part of 
an image transmission means, such as a tele- 
vision system, wherein the member 7 comprises 
the receiving screen of a television broadcasting 
unit A. The image values are transmitted, as 
indtcated by arrows 22 to a television receiving 
set B, and are reproduced on the screen or plate 
23 of the kinescope of the television receiver B. 
The color separation images 6', 10', ,and 20' 
produced on the screen 23 carry representations 
of the color values of the images 6, 0, and 
in what is ref.erred to as black and white--namely, 
different gradattons of gray, or otherwise stated, 
different gradations or degrees of transparen- 
cies--to determine the different strengths of 
color values which are transmitted from the 
images 6', 0', and 20' along the spaced parallel 
axes 25, 26, and 27 of the projection lens 26. The 
light bundles from the complementary color value 
images 16', 9', and 20' are combined within the 
projection lens 26 into a single composite image 
which is projected from the lens 26 al a relatively 
wide angle onto the viewing screen 30 of the tele- 
vision receiving set. The lens 26, as schem.atically 
shown in Fig. 1, bas three complete rear or in- 
ception lens elements 3, 32, and 33 on the paral- 
lel optical axes 25, 26, and 27 to receive light 
images from the color value image $', $' nd 

20'. The lens 2 bas aL its front or projection 
end a single lens element 35. Between the mul- 
tiplicity of rear lens elements 3, 32, and 33, and 
the single front lens element, the lens 2 has 
5 light directing means 36 which takes the light 
images from the separate paths indicaed by the 
axes 2§, 26, and 27, and brings them together 
into a single path or line indlcated by the optical 
axis 36 of the lens element 35. In the projection 
10 lens 2 the separate images 6', 10', and 20' are 
composed into a single lightbeam image by the 
light directing means 36 ahead of the front lens 
35 so that a single image is project from the 
lens element 35 ono the screen 30 which is rela- 
15 tively close to the projection equipment, that is 
to say--less than ten feet and probably in the 
neighborhood of four o six feet from the image 
producing member 23 of the television receiving 
set. Although I bave schematically shown the 
20 image from the lens 26 passing directly to the 
screen 3{}, it will be understood that mirrors may 
be employed between the lens 26 and the screen 
 to provide the required length of light path. 
The projection lens 26 shown in Fig. 1 and also 
25 in Figs. 2 and 3 with greater structural detail, 
bas an axial dimension corresponding to an ordi- 
nary correcte0 multiple spherical refractor lens 
of approxlmately the saine focal length, but in- 
stead of having a single rear lens element and a 
3O single front lens element, the applicant's pro- 
jection lens 26 bas a plurality of rear lens ele- 
ments 3, 2, and 33 which are brought into opti- 
cal correlation with a single front lens element 
6 by the light directing, element $6. The lens 
35 elements $, $2, $3 and 35 which are of the 
achromatic type shown in Figs. 2 and 3, and the 
directing means 36 are all supported in a cylin- 
dric housing 30 of the customary form employed 
in picture projection and photography. This cas- 
40 ing 30 bas a rear wall 40 with a pair of upper 
apertures 4! and 42 to receive the lens elements 
! and 32 and below the apertures 4! and 42, to 
receive the lens element 33, there is a third aper- 
ture 43 disposed in the vertical plane defined by 
45 the optical axis 36 of Fig. 2. The external ends 
of the apertures 4, 42 and 43 are formed so as 
to receive across the faces of the lens elements 
$, 32, and 33 respectively, complementary light 
fllters 4§', 46', and 47' whereby the desired colors 
5O are imparted to the light rays which are trans- 
mitted by the lenses 3, 32, and $3 to the light 
directing means 36 for combination into a single 
colored image. 
The light directing means 36 bas converging 
55 legs 46 and 4 comprising prisms of symmetrlc 
form lying in the saine horizontal plane as the 
lens elements $! and 32. These prisms 46 and 47 
hae upper horizontal faces 46 and outer vertical 
faces 40 disposed at angles of 45 ° respecttvely to 
6O the axes 25 and 26 of the rear lens elements 3! 
and 32. The prisms 46 and 47 likewise bave ver- 
tical inner faces 5{} parallel to the faces 40, and 
rear end faces 5! which confront the lens ele- 
ments $! and 32 and lie in a vertical plane which 
65 is perpendicular to the optical axes 25 and 2 
of the lens elements $! and 32. The prisms 45 
and 4 bave vertical front end faces 2 disposed 
in planes at right angles to the vertical walls 40 
70 and 5{} of the respective prisms 46 and 47. The 
prisms 46 and 47 are arranged so that the ver- 
tical front end face 52 of each prism will be co- 
planar wtth the face 5{} of the other prism 46 or. 
4, leaving .between the diverging front end faces 
75 52 a V-haped space in which a triangular prism 
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53 is fltted and cemented onto the front end faces 
52 of the prisms 46 and 4./. 
As shown in Fig. 3, a rectangular prism 55 of 
optical glass is disposed on the optical axis 2"/of 
the lens element 33, this prism 55 having a ver- 
tical rear face 56 which confronts the lens ele- 
ment 33 and is disposed in a plane perpendicular 
to the optical axis 2./. The prism 55 has a front 
end face 57 which is also perpendicular fo the 
optical axis 2./ and is therefore parallel to the 
rear faces 51 of the prisms 45 and 47 and the 
rear face 56 of the prism 55, and is also aligned 
with or parallel fo the plane deflned by the front 
face 58 of the triangular prism 53. 
The front face 5./ of the prism 55 is cemented 
to the rear vertical face of a rhomboidal prism 
61} having a lower face 61 disposed at an angle 
of 45 ° fo the optical axis 27 and at the same rime 
perpendicular fo the vertical side faces 62 of the 
prism 61}. The upper face 64 of the prism 61} is 
parallel to the lower face 61 and is therefore dis- 
posed at an angle of 45 ° to the optical axis 38 
of the lens 35, which axis 38, as shown in Fig. 3, 
is in the saine horizontal plane as the axes 25, 
26 of the lens elements 3! and 32. The prism 61} 
has a front end face 66 which connects the rear 
edges of the faces 6! and 64 and crosses the axis 
38 in perpendicular relation thereto. In the space 
between the upper face 64 of the prism 6{} and the 
front end face 58 of the triangular prism 53 a 
triangular prism 6./ is placed, the vertical rear 
face 68 of this prism 6./ being cemented to the 
front face 56 of the prism 53 and the lowerdiag- 
onal face 69 of the prism 67 being cemented to 
the upper face 64 of the prism 61}. 
The parallel faces 49 and 
and 47 form reflectors, the faces 49 and 51} of 
each prism 46 or 4./being in the relation of flrst 
reflecting surface and second reflecting sur- 
face. The rear faces 53' of the triangular 
prism 53 are treated, as for example, by pan- 
chromizing, so as to form partial mirrors or 
light dividers. The surfaces 53' of the triangular 
prism 53, thus treated, constitute respectively re- 
flective surfaces co-planar with the surfaces 51} 
of the prisms 46 and ./. Also, the upper surface 
64 of the prism 61} is partially coated so that it 
will both transmit and reflect light. With the ar- 
rangement of prisms shown, light from the im- 
ages 18' and 19' wfll pass inward through the lens 
elements 31 and 32 along the axes 25 and 25, this 
light, in each instance, being reflected by the 
surfaces 41} of the prisms 46 and 47 inwardly to- 
ward the respectively opposing surfaces 51} and 
53' along the inwardly bent portions of the axes 
25 and 26 indicated at 25' and 26', the two beams 
or bundles of light being then reflected right- 
wardly by the reflective surfaces 5{} and 53' on 
the axis 3{} of the lens element 35, the thus com- 
bined llght rightwardly reflected passing through 
the prism 53, the prism 67 and the upper portion 
of the prism 61}. As shown in Fig. 3, light from 
the image 21}' passes rightward through the lens 
element 33 and the prism 55 along the axis 
fo the reflective lower face 61 of the prlsm 
which refiects the light upward along the bent 
portion 2./' of the axis 27 against the partial re- 
flective surface 6 of the prism 61}, which surface 
64 reflects a portion of the light rightwardly along 
the axis 38 through the lens element 35. The 
three color value images are received by the lens 
28 through the lens elements 3,, 32, and 33 along 
the separate axes of such lens elements and these 
color value images are brought together within 
the lens 2{}, in the space .between the lens ele- 

ments 31, 32, and 33 and the lens element 35, so 
that the axes of the three color value images will 
coincide upon the axis 3{} of the lens element 35. 
An additional important advantage of the lens 
5 2{}, with its self-contained internal light direct- 
ing means, is that the image may be focused on 
the screen by the simple expedient of shifting 
the housing 39 axially in the saine manner that 
a simple lens of a standard type projector or 
10 camera is shifted axially in order fo focus the im- 
age of the object on the screen. The lens 26 may 
be of any desired focal length, and therefore 
may be ruade of such short focal length as to 
produce a large viewable picture on a screen 
15 within the limited space provided in the cabinet 
of a television receiver without sacrifice of or 
detraction from any of the advantages of the 
inventian elsewhere set forth herein. 
It will be understood that the lens 26 can be 
20 used either as a projector lens or as a camera 
lens. 
From Fig. '1 it will be perceived that the ob- 
jective or taking lens  is of the saine construc- 
tion as the projection lens 2{} and its parts are 
25 supported in a housing 31}'. The single lens ele- 
ment 35', which corresponds to the lens element 
35 of the projection lens 26, is placed at the 
front of the objective lens  so as to receive 
light from the object 0 along a central axis |. 
3O At the rear end of the objective lens, lens ele- 
ments 35', 32', and 33', corresponding to the 
lenses $, 32, and 33, are placed, and between 
the front lens element 35' and the rear lens ele- 
ments 3', 32', and 3', a light directing mem- 
35 ber 36 ° is placed, with its single light receiving 
face disposed toward the lens element 35'. With 
this arrangement, the light from the colored 
object $1} is received along the optical axis 
and by the light directing means 36' is divided 
40 into three separate bundles of light respectively 
centered on tbe axes $, $5, and $6 which pass 
through the lens elements 35', 32', and 3', and 
are focused upon the member $./ so as to form 
the color value images ${}, $, and 21}. It will be 
understood that fllters are disposed across the 
45 light paths identifled by the axes $. $5, and $6. 
so that the images 16, 19, and 21} will be only of 
the colored light »ermitted to pass b.v the re- 
spective filters. As explained with relation to 
Fi. 2, the fllters--such as fllters 5', 6', and 
5O 47'may be supported in positions across the 
faces of' the lens elements or elsewhere in the 
paths of the three separate bundles of light which 
are to form the images 16, 19, and 21}. The fo- 
cusing of the images I{}, 19, and 21} so that they 
55 wfll be brought out sharply may be accomplished 
by the simple expedient of adjusting the ob- 
jective lens II axially between the colored ob- 
ject and the image receiving member 
In my present invention I provide a method 
6O and apparatus whereby a colored object image 
transmitted in colored light values along a single 
optical axis, is divided into three separate ira- 
. ages on three spaced axes, which images may be 
referred to as co!or value images, the color value 
65 
images are reproduced on three separate axes 
and a.re transmitted in colored light values along 
these axes, are brought together onto a single 
projection axis and flnally focused on a final 
7O receiving or viewing screen. Whether the im- 
ages ,{}, 19, and 21} on the member I./ are posi- 
tive or negative will depend upon the method 
of image preservation or transmission employed. 
If the member ,./ is a sensitized motion picture 
75 film, the light images received along the sep- 
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arate axes 14, 18, and I! will expose image areas 
which, upon development of the film, wlll re- 
sult. in the formation of negative images, and be- 
fore reproduction of the color pictures, if will be 
necessary to print positive films from the neg- 
ative films, under which circumstances the mem- 
ber 23 would be a portion of a positive film 
printed from the negative film, at present indi- 
cated by the member I1. Accordingly, in the 
practice of my invention by photographic meth- 
od, the images 18', 19' and 20' are positive photo- 
graphic images and in order fo combine these 
images and bring them into viewing position 
en the screen 30, it will be necessary, in keeping 
with known methods of picture projection, fo 
pass light through the images 18', 19', and 20' 
in rightward direction so as to carry light im- 
ages rightwardly into the projection lens 28, 
where such images will be combined and finally 
projected upon the screen 30. If will be under- 
stood that the proper complementary colors can 
be imparted to the images 8', $9', and 28' in. 
any of the manners employed in the coloring of 
positive motion picture film, or suitable fllters 
may be set up in front of the images, or at any 
place along the paths of light indicated by the 
a×es 2§, 28, and 21. 
Where my dividing and combining lens is to 
be made with extremely short focus, part or all 
of the spherical refracting lens elements may be 
disposed in direct contact with the planar re- 
fracting elements. For example, in Figs. i and 5, 
I show the manner in which the lens elements 3 , 
32, and 33 are balsamed or cemented onto the 
front faces of the prisms i8, 41, and 8§ and the 
lens element 38 is connected directly to the rear 
end face of the prism 88, by the use of balsam 
or other suitable cement. In this instance a dia- 
phragm dis shown cemented onto the rear face 
of the prism 86 and the lens element 38 is ce- 
mented to the diaphragm g. If desired, the lens 
element 38 need not be cemented in place as 
shown in Figs 4 and 5, but a small space may 
be left between this lens element 38 and the prism 
66 in which a suitable diaphragm may be PO- 
sitioned. 
The lens 26 shown in Figs. 2 and 3 is in the 
form adapted for use in direct television broad- 
cast. Where this lens is employed in indirect 
broadcast or on motion picture projectors, it has 
the form shown in Figs. 6 and 7, wherein itis 
provided with means to compensate for film 
shrinkage. It will be understood by those fa- 
miliar with the moon picture art that film ls 
subject to shrinkage during processing; there- 
fore, the distance between the color value images 
on a film may be changed slightly from prede- 
termined standard distances as the result of this 
shrinkage. In indirect television broadcasting 
the action upon the stage is photographed upon 
motion picture film, and a positive film of this 
action is then emiloyed for the actual television 
broadcasting at any desired rime af ter the film 
is made. Such television broadcast film has the 
general characteristics of motion picture film, al- 
though it may be of larger size. Any shrinkage 
of this film will move the color value images 
closer together. In my present invention I pro- 
vide means for moving the axes 28, 26, and 27 of 
the lens 28, Fig. 1, so that these axes will be cen- 
tralized with the images $8', 9', and 20', thereby 
providing for exact register of these images when 
they are superimposed upon the screen 38. In 
Fig. 6 I show a lens 26' which is the saine as the 

$ 
lens 28 shown in Figs. 1, 2, and 3» with the excep--- 
tion that the rear lens elements 
are mounted in frames 10, 1 I, and 72 which are 
slldable in guides 73, 74, and 78 in the rear end 
5 wall 40 of the holder 39, these guides being dis- 
posed radially with respect to a center point 
between the lens elements 3 I, 32, and 33. The 
lens frames 70, 71, and 72 are urged outwardly 
by small springs 17 and the positions of separa- 
10 tion of the lens frames 70, 71 and 72 are con- 
trolled by cam means 78 adapted tobe simultane- 
ously adjusted by the turning of a ring 79 af the 
front end of the holder 39. This ring 79 is con- 
nected to a cylindric wall 80 threaded into the 
15 holder 39 at 81 so that when it is rotated by 
turning of the ring 79, it will move axially of 
the holder 39. The cam means 78 consists of 
pins 82 disposed in openings 83 in the holder in 
such positions that the tapered rear ends 84 
2o thereof will engage the sloping end faces 88 of 
the frames 10, 71, and 72.' The pins 82 bave 
heads 86 at their forward ends and compression 
springs 87 urge the pins 82 rightwardly so that 
the heads 86 thereof will be held in engagement 
25 with the rear end of the cylinder 80. Accord- 
ingly, the positions of the pins 82 are determlned 
by the position of the cylinder 80, the positions 
of the pins 82 in turn determining the separation 
of the frames 10, 71, and 72 by reason oî the en- 
30 gagement of the tapered ends 84 of the pins 82 
with the sloping end faces 88 of the frames 
and 72. This makes It possible for the user to 
qulckly adjust the optical axes of the lens ele- 
ments 3 I, 32, and 33 radially so as to accomplish 
35 perfect superimposition of the color value images 
of the viewing screen, merely by turning the ring 
19. 
I claim as my invention: 
A lens mounting structure comprising: a sup- 
40 port having parts adjustably movable toward and 
away from each other;/_a plurality of lçus ele- 
_m__e.nts iî side .b._yside relatj.on_._c_arn.'_.e.cl..y.oE - 
 icl parts A and 
45 mea.nî between y of lens eleênts and 
said single" lerm:eleëiï*orming light carrying 
paths of substantially the same length, each pass- 
ing within the light directing means through a 
single medium, one end of each of said light paths 
5o within the light directing means being disposed 
on one of the axes of said plurality of lens ele- 
ments and terminating closely adjacent the asso- 
ciated lens, and the opposite end of each of said 
light paths being disposed on the axis of and 
55 terminating closely adjacent to said single lens 
element. 
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